Abstract: This study examines the effects that Contracts for Difference (CFDs) have had on the Australian equity market, either as an accelerant for mispricing, or as a source of increased market functionality through the addition of a new tradable product and increased liquidity. The Australian Securities Exchange (ASX) made the decision to segregate CFDs to a separate ring-fenced exchange in November 2007. This study uses EGARCH techniques to test for the effects of CFDs on return volatility at the time of CFD inclusion and segregation in Australian equity markets at the index and equity-specific level. A fully worked explanation and example of a CFD-influenced 'overhang' is also provided. The results provide evidence that cannot reject the presence of 'overhangs' in Australian equity markets.
Introduction
The Contract for Difference (CFD) industry has grown significantly since the product's creation in the mid-1990s. The market for CFDs grew rapidly after their inception in worldwide exchanges, up to the period before the recent international crises. Investors can use CFDs to open positions either long or short with a standard rate of margin of ten per cent. Therefore the position could be theoretically ten times larger than the amount of capital the investor initially possessed. The combined movements of CFD investors and the hedging practices of CFD providers could potentially affect the behaviour of equity market volatility in Australia. CFDs may have also had a beneficial impact on Australian markets through the addition of new liquidity provided by the product's leverage. This research offers a novel perspective on the role that CFDs have had on international equity markets. An Exponential Generalised Autoregressive Conditional Heteroskedasticity (EGARCH) methodology is used at both the index and equity specific level to investigate volatility differences in the period before their arrival in 2002 and thereafter. A total number of 3,085 daily Australian equity market observations between 1998 and 2011 were used in the study. CFDs by their very nature are a leveraged, short-term investment product, with all the characteristics to attract day-trading speculative investment, which has been shown to increase market volatility. This was initially uncovered by Edwards (1988) and Baillie & Bollerslev (1991) , with more recent evidence uncovered by Chung, Choe & Kho (2009) and Schwert (2011) . Previous research on CFDs focuses specifically on contract design (Brown et al., 2009 ). This research is among the first to explicitly investigate the direct market impacts of CFDs.
Corbet and Twomey (2013) found significant volatility reductions in Irish equity markets after the introduction of CFDs. This was explained through the findings of the Report of the Irish Banking Commission (2011) into the systemic collapse of the Irish banking system. This report uncovered significant 'overhangs' stemming from CFD trading that was found to be capable of influencing equity market volatility. An 'overhang' develops when significant volumes are placed within a few ticks of the currently traded bid and ask price. 'Overhangs' are explained in detail with a fully worked example in section threeThis paper attempts to investigate whether 'overhangs' are present in Australian equity markets, which itself provides a unique structural exchange transformation. CFDs were introduced in Australia in 2002, similar to numerous other international exchanges. But in November 2007, CFDs were subsequently segregated to a separate ASX CFD exchange. This change was undertaken in an attempt to increase market transparency. Supporters of the decision to ringfence CFDs argue that it has withdrawn most pure speculative trading from the exchange, which may reduce the volatility of the market as a whole (FSA, 2007) .
We must remember that CFDs are not an appropriate long-term investment vehicle due to the commissions and overnight interest charges attached for the use of leverage. Therefore, CFDs are suited to more short-term, speculative investment, referred to as noise trading, which is associated with increased market volatility (Brown, 1999 , Bloomfield et al., 2009 ). If 'overhangs' are present on the Australian equity market, volatility changes would be present at the time that CFDs were introduced and again at the time of segregation. Research based on CFDs is becoming more important as increases in their trading volumes indicate strong growth as a trading product. There has also been more evidence coming to light of potential detrimental equity market anomalies stemming from their presence (FSA, 2007 , Report of the Irish Banking Commission, 2011). The EGARCH methodologies used in this research can shed light on volatility changes stemming from the presence of CFDs in Australian equity markets.
From a policy perspective, it is vital to understand if CFDs have had a volatility impact upon Australian equity markets. If it is the case that CFDs are found to have directly influenced volatility, it may be necessary for the exchange and financial regulators to implement regulatory changes to mitigate any potential effects. For example, if it is found that CFDs are negatively impacting market functionality, then further policy response will have to focus on tax changes to reduce the appeal to use CFDs for high frequency trading, margin limits to reduce position sizes or indeed, holding limits to reduce position accumulation through leverage.
The rest of this paper is structured as follows: In the next section we define Contracts for Difference and the previous literature on volatility relevant to this paper. In Section III, we discuss the development of bid and ask price 'overhangs' recently uncovered in Irish equity markets. Section IV introduces the research methodology used. Section V follows with an overview of the results uncovered from the EGARCH models used. Finally, in Section VI, we conclude.
II Contracts for Difference and previous literature on volatility
CFDs are structured towards those investors seeking additional levels of higher risk investments in their portfolios. Due to the leveraged nature of CFDs, market movements amplify the investor's gains and losses in multiples of the provided level of margin. In Australia, CFDs are usually structured to allow an investor to obtain ten per cent margin, while borrowing the remaining ninety per cent of the investment from their CFD broker. This enables the investor to enhance their buying power tenfold. When CFDs are used to invest, a price increase of ten per cent results in one hundred per cent profits, whereas a ten per cent fall in price leaves the investor at a total loss 1 . When this scenario unfolds, the investor must meet margin calls to maintain the position. Failure to do so results in the position being immediately closed. CFDs therefore act as an extremely cheap, nonselective source of investment finance due to the relative ease of account establishment. CFDs by their very nature thrive in periods of short term extreme volatility, as investors increase their use of leverage to maximise the amount of a particular equity that they can afford. Financial crises can therefore generate a thriving environment in which CFDs can trade. Longer horizon investors would refrain from using CFDs due to the commissions and overnight interest charges that must be paid for the use of borrowed margin to create leverage. It must also be noted that CFDs are not a common feature across all financial markets. The United States for example has not allowed CFDs to be traded as a result of restrictions 2 on OTC financial instruments 3 implemented by the Securities and Exchange Commission (SEC). Therefore, CFDs on US equities are only available to non-US citizens.
CFDs were originally developed by Smith New Court plc. in the early 1990s, who found purpose for their use as a method of shorting financial markets using high leverage, low margin and tax free investment. They were subsequently bought by Merrill Lynch in 1995 for £526 million. CFDs were institutionally traded until 1998, when they became publically available. In Ireland and the United Kingdom, CFD licences fall under betting and gambling legislation, therefore all profits are tax free. These tax exemptions stemmed from government incentives to attempt to grow the bloodstock industry. This tax free characteristic is an attractive trait to investors in Ireland and the United Kingdom, who otherwise would have to pay capital gains tax on fully margined equity investments. This has been identified as one of the key characteristics driving the growth of CFDs in these countries. In Australia, the tax system in relation to CFDs is more rigorous. CFDs fall under the scope of income tax law, which is designed to be strictest in situations where traders are identified as day-traders or high frequency traders. CFD profits are subject to standard taxation, but tax rates are significantly reduced if a CFD trader can show that they are using the investment product to hedge an alternative position, or indeed are entering the position in a manner not synonymous with the short time-frames of day traders (Deloitte, 2010) . If an investor can prove that they are investing in CFDs as a business venture (or out of business necessity), simple tax laws are used such as those when calculating tax liabilities against ordinary income. Losses in this situation are deductible against other taxable income, with the caveat that this process cannot continue year on year. It is also possible to write off the costs of trading against these same tax liabilities, along with specific costs of trading, including equipment and training. Otherwise, if the CFD investor cannot segregate themselves from the assumption that they are opening the position in a manner to speculate or trade at a high frequency level, they will be subjected to a higher rate of taxation on their profits.
A lack of transparency has been identified as one of the key issues associated with CFDs. The transparency of CFDs in Australia was brought into question by regulators prior to 2007 (FSA, 2007) . Rather than continue to operate under unknown parameters, the decision was made by the Australian Securities Exchange to segregate CFDs to provide a more transparent mechanism and platform from which they could be easily monitored. Therefore, on November 5 th 2007, CFDs became exchange traded in Australia. Investors could for the first time observe a CFD exchange separated from the standard equity market, but still trade with the same leverage as before. The ASX was responsible for maintaining a fair and orderly ASX CFD exchange. Counterparty risk was also minimised as the settlements of all obligations were guaranteed by the SFECC 4 . There have been numerous international instances of trading irregularities associated with CFD investment. In Germany, a report by the European Security Markets Expert Group (ESME) in 2009, found that a large unwinding by Porsche of options related to CFDs in Volkswagen (VW), combined with takeover rumours, had triggered and fuelled a five hundred per cent price increase in less than seven days in late October 2008. These irregularities have attracted increased investigation into CFDs as a tradable product. In 2011, The Central Bank of Ireland raised concerns about the Irish CFD industry, specifically that there was a serious deficiency in transparency and a lack of information gathered by CFD brokers (Central Bank of Ireland, 2011). CFD brokers' clients were also found to have been accepted with 'inadequate assessment of appropriateness' under MiFID regulations 5 . Risk disclosures supplied by CFD brokers were found to be inadequate and 'in some cases' misleading.
CFDs have also been associated with a market anomaly called an 'overhang' on the bid and ask prices of the equities for which CFDs are available. 'Overhangs' are created when large CFD positions are created and are then hedged using standard stop losses and limit orders to protect the CFD provider. These 'overhangs' are found to restrict market functionality and hinder trading, thus reducing volatility. This paper aims to determine whether this scenario is consistent with recent behaviour in Australian equity markets. The Report of the Irish Banking Commission (2011) to investigate the systemic banking crisis in Ireland found that an 'overhang' existed from large CFD trades that were capable of leading to confusion and differing interpretations of what was driving the share price collapse of Anglo Irish Bank 6 . These findings have motivated this paper to investigate whether 'overhangs' were more discernible in Australian markets (particularly after their inception and subsequent segregation) and indeed whether they were associated with other systemic issues.
An 'overhang' develops when significant volumes are placed within a few ticks of the currently traded bid and ask price. CFD brokers would have used stop losses and limit orders to protect themselves from losses stemming from clients running out of margin. The implementation of these large leveraged orders would have taken a significantly large amount of fully-margined investment to reduce, or alternatively, a CFD position opened in the other direction. Without either of these events occurring, the average volumes traded would not have been large enough to dissolve the 'overhang', therefore the price can become range-bound. Leveraged products have been long-associated with increased exchange volatility, but CFD-initiated 'overhangs' may also influence volatility. A specific example of an 'overhang' is discussed in detail in section III.
To date, there is no research based on volatility changes after the inclusion of CFDs as a trading product in Australia. There is literature based on CFDs in commodity and currency markets (eg. Brown et al., 2009 ), but the methodology and results act only as an explanation of the regulatory restrictions imposed by the Australian Securities Exchange (ASX) to mitigate the potential effects of CFDs. However, a significant amount of research on other derivatives markets directly supports this study's investigation. Primarily, these papers find that derivatives trading as a whole increased market volatility. Some authors believe that destabilising effects associated with derivatives trading is present in financial markets as the product is used mostly by uninformed investors (Bessembinder and Seguin (1992) , Antoniou and Holmes (1995) , Gulen and Mayhew (2000) ). Pok and Poshakwale (2004) found equity futures market volatility increases, but noted greater sensitivity of spot market prices to new information and efficiency improvements through faster transfer of information. These papers also hypothesise that the lack of trading margin directly increases market risk and volatility, as most agents leverage their available funds.
Another branch of research argues that derivatives trading reduces spot market volatility and in fact stabilises the market. In this sense, derivatives are found to be an efficient medium of price discovery. Other benefits include improved market depth, a reduction in market asymmetries and less cash market volatility as found by Kumar et al. (1995) and Antoniou et al. (1998) . Other research supporting volatility reductions after investigating derivative products include Chathrath et al. (2003) and Drimbetas et al. (2007) . Bologna and Cavallo (2002) investigate the impact of the introduction of futures trading on the underlying asset volatility on the Italian Stock Exchange through the use of an EGARCH(1,1) methodology. Their results found that the introduction of Italian stock futures trading led to reduced stock market volatility and no other factor was found to have systematically reduced it. This effect is also found to have been immediate. The author's findings are consistent with theories stating that active and developed futures markets enhance the efficiency of the corresponding spot markets.
In this paper, we implement an EGARCH methodology on the ASX Index and thirty five individual Australian equities between January 1998 and December 2011. This time period incorporates the inception of CFDs in 2002 and their subsequent ring-fencing in 2007. The FTSE 100 and Nikkei 225 are used in the EGARCH models to mitigate international effects at the index level. A dummy variable is used to denote the period where CFDs are present in Australian equity markets. Results are then inferred. Also, we explain the dynamics of the 'overhang' and how the results found in this paper indicate their presence.
III How has the 'overhang' affected Australian equity market volatility?
This research attempts to investigate whether the 'range-bound' effects associated with 'overhangs' can be found at the index and equity-specific level in Australia given the special treatment offered to CFDs through their ring-fencing in 2007. The starting point to this analysis is to provide a clear understanding of the creation and potential influences of 'overhangs' on equity markets. CFDs are traded in the same manner as any standard equity. They can be purchased long or short, with market orders such as stop losses and limit orders available at the investor's request. The main difference is the provision of leverage by the CFD provider. The standard rate of margin is ten per cent, which enables an investor to theoretically afford ten times more equity than they could have if they had not used CFDs. The caveat is that if the share price falls ten per cent (if the investor is long), the investor is now illiquid and must meet margin calls 7 to maintain the position. If the investor does not meet margin requirements, the position is immediately closed. The alternative is that the price of the equity increases ten per cent, which doubles the investor's initial capital. Therefore, CFDs amplify the gains and losses of standard equity trading. Two important issues associated with CFDs are the decision-making processes of traders using the investment product and their investment horizons. If CFDs were used as a long-term investment vehicle, there would be additional returns sought due to the commissions and interest charges associated with holding the position overnight. Thus buy and hold investors would not view CFDs as a feasible investment mechanism. Short term speculative investors would be the most likely to use CFDs.
But how can the introduction of CFDs reduce volatility? CFDs have also been associated with a market anomaly called an 'overhang' on the bid and ask prices of the equities for which CFDs are available. This anomaly was first associated with CFDs in a report sanctioned by the Irish Banking Commission (2011) investigating the collapse of Anglo Irish Bank. These 'overhangs' are found to restrict market functionality and hinder trading, thus reducing volatility. The Report of the Irish Banking Commission (2011) to investigate the systemic banking crisis in Ireland found that an 'overhang' existed from large CFD trades that were capable of leading to confusion and differing interpretations of what was driving the share price collapse of Anglo Irish Bank. Corbet and Twomey (2013) found significant decreases in volatility in Irish equities after the introduction of CFDs in Ireland, thus endorsing the proposition of 'overhangs' being present in Irish equity markets. We can provide a simple example of an 'overhang' by investigating level II data before and after the implementation of a standard market order. We will focus on ABCD plc. as an example. If the price of a share in ABCD plc. is A$0.12 at 1pm, a trader would view the hypothetical level II situation in table one. If for example, a CFD trader has bought A$2 million of ABCD equity at A$0.12 using ten per cent margin, and we assume his/her net wealth is A$5 million (A$2 million invested in CFDs and A$3 million held in a margin account with the CFD broker), this means a twenty-five per cent fall in share price results in a total loss for the CFD trader. The CFD broker inputs a limit-order to sell shares at 1.03pm to protect against the price 'gapping' their required minimum threshold. The scale of this position becomes evident in table two. The A$2 million CFD investment at A$0.12 is the equivalent size of a A$20 million fully margined investment (166,666,667 shares at A$0.09). If the price falls to A$0.09, the trader has lost his entire available margin, thus to protect the company, the broker will leave an order to sell the shares at A$0.09. Other market agents, unaware of what is transpiring in this brokerage will see the level II data change to that found in table two.
The other traders in the market can now see the extremely large volumes at A$0.09 and view this as a large 'sell signal'. But if the same scenario was to occur when a trader opened a short position, a similar limit order would be placed A$0.15. This would create an exceptionally large level of volume to be traded at A$0.09 and A$0.15, creating an 'overhang' which effectively traps the volatility of the market within this trading range until an equally large trader enters the market with enough financial capital to remove these orders. Until this occurs, the volatility of the exchange would fall as the normal mechanics of daily trading are affected. If we assume that all investors are rational and maximise all investible funds and it is assumed that they invested using CFDs, their stop losses would be found at the point where they run out of trading margin. Therefore, every CFD trade would be accompanied by an associated stop loss or limit order that would exacerbate an 'overhang'. These effects would be more pronounced in markets with smaller average trading volumes. develop. These areas are zones where market volatility fall due to restrictive trading conditions. Zone C is the intersection of both 'overhang' influenced trading regions, where there is an appropriate amount of CFD trading on both the buy and sell side of the market, therefore the probability of market volatility effects stemming from CFDs are reduced. We can see that area D is the trading zone with no CFDs present, therefore the reduction of leverage reduces the average trade size in the market, thus reducing the probability of an 'overhang' being present. Exchange that are CFD traded and the probability of the presence of an overhang. At point x, there is no CFD trading available in the market, thus volumes traded are fully margined. Therefore in zone 1, there are a small number of CFD traders in the market, but as this number grows larger in proportion to fully margined traders, the potential for overhangs to be present increases. In zone 2, there are a sufficient number of CFD traders to trade with each other, therefore the probability of an overhang falls. The increased potential for overhangs also occur in zone 3 where extremely large CFD traders can dominate the market.
In figure two, there is a trading zone (area 2) where the fully margined market is unable to efficiently absorb the amount of CFD trading within the market. When there is a small amount of CFD trading in the market (left of line A), the percentage of CFD trading is too small to have any effect, thus fully margined investors dominate, and to the right of line B, there is a sufficient number of CFD traders to absorb the volumes traded. With the availability of data based on the exact percentages of CFD traders per day, it would be possible to calculate these areas and input thresholds of CFD trading to counteract any market hindering effects that CFDs possess.
IV Research Methodology
The primary research question is: 'how have CFDs affected Australian equity market volatility?' The ASX exchange has provided a dataset to investigate the inclusion and segregation of CFDs from the primary ASX exchange. This has enabled the calculation of the proportion of CFDs traded throughout fifty equities on the ASX CFD exchange and the overall ASX exchange. To investigate volatility changes in the period before and after the introduction and withdrawal of CFDs, Exponential GARCH (EGARCH) techniques are applied. The period of investigation is based between the first quarter of 1999 and the fourth quarter of 2011. CFD-specific data is available between the fourth quarter, 2007 and the first quarter of 2010. To estimate the volumes of CFDs traded, data is taken from the ASX CFD exchange. The individual volume data is de-leveraged to the value of fully margined equity that would have been purchased to equal the position. This resulting dataset is then matched against standard equity on the ASX exchange to calculate the proportion of CFD trading that occurred.
To calculate volatility changes before and after the introduction of CFDs, we first calculate The EGARCH model was developed by Nelson (1991) . The ARCH (p) and GARCH (p,q) models impose symmetry on the conditional variance structure and the logarithmic construction of the conditional variance equation ensures that the estimated conditional variance is strictly positive, thus the non-negativity constraints used in the estimation of ARCH and GARCH models are not necessary. To mitigate international effects such as shocks and crises, other exchanges can be added to the mean equation, resulting in the coefficient of the dummy variable , being explicitly related to the exchange being investigated. This withdraws 'international effects'. For example, in the ASX investigation, the Nikkei 225 and FTSE 100 were included as they were statistically significant at the 1% level 8 . After completing the standard robustness tests 9 , the EGARCH(1,1) methodology was selected as the appropriate model to test for volatility changes after CFD 8 After thorough analysis of the correlations and mean spillovers between all major international exchanges and the ASX, the Nikkei 225 and the FTSE 100 were deemed to offer the most significant explanatory benefits to the EGARCH models of Australian equities at both the index and equity-specific level. The inclusion of these exchanges in the mean equation of the EGARCH(1,1) models incorporates international effects into the methodology, therefore enabling the estimated coefficients to be captured, insulated from the effects of international crises as much as possible. 9 An intercept and a deterministic trend were included in the Augmented Dickey Fuller (ADF) and Phillips Perron (PP) models. The trend was included to capture the reduction in average volatility that took place during the period prior to the inclusion of CFDs. The ADF model tests whether the equity series contain a unit root in order to correct for serial correlation. PP tests employ a non-parametric estimator of the variance-covariance matrix with d truncation lags. The models test down by sequentially removing the last lag until a significant lag is reached giving the order of augmentation for the ADF test that minimised the Akaike information criterion. The results indicated rejected of the null-unit root hypotheses at a minimum of the 5 per cent level of significance. EGARCH(1,1) was selected as the most suitable model to test the hypotheses established in this paper.
introduction. The EGARCH model used to investigate the inception and segregation of CFDs at the index level is represented as:
where is known at the beginning of time t. is the information set at the end of time period t-1. This makes the leverage effect exponential instead of quadratic and therefore, estimates of the conditional variance are guaranteed to be non-negative.
in equation one refers to the Australian index itself and is the one day lag. The EGARCH model allows for the testing of asymmetries, which is picked up in the term. Similarly to the GARCH model, represents the daily return on the NIKKEI 225 and represents the daily return on the FTSE 100. These variables are included in the mean equation to mitigate the EGARCH model against international effects. The EGARCH (1,1) where | ( )
where is represents the daily return of the individual equity, represents the lagged one day before return and represents the daily return of the ASX 200 index. is included in the variance equation of both equation one and two as a representation of the dummy variable included in the EGARCH models denoting the arrival of CFDs. This variable takes a value of zero prior to the arrival of CFDs and one thereafter. When , the model is symmetric, but when 0, then positive shocks generate less volatility than negative shocks. The model captures the asymmetric features of the dataset, which occurs when an unexpected drop in price due to bad news increases volatility more than an unexpected increase in price because of good news of a similar magnitude. At the equity-specific level, the models are repeated to obtain volatility estimates based on the individual equity at the time of CFD segregation. The EGARCH model is found to be the most optimal methodology to investigate volatility changes between periods. The inclusion of the international exchanges to adapt the model for 'international effects' is also found to be beneficial when attempting to segregate financial crises from that of non-crisis equity behaviour.
V Results
Table three provides results based on the percentage of CFD volumes traded on the ASX CFD exchange as a proportion of the volumes traded on the standard ASX exchange immediately after the ring-fencing of CFDs in November 2007. The final observation in the sample is March 27 th 2010, therefore nine quarters of data are available. The same data is available at the equity specific level as found in Appendix A.
We can see from table three that since the birth of the ASX CFD exchange, 8.83% of the total exchange volume has been traded in CFDs. This also shows a notable increasing trend with a peak of 14.2% in Q4 2009. Investigating equity-specific data, we find that there are companies that experience over 50% of CFD to exchange volumes. Though United Kingdom and Irish CFD estimates reached twenty to fifty per cent around the same period as CFD ring-fencing in Australia (FSA, 2007) , the estimates provided in Appendix A show that Australian CFD trading was significantly lower, ranging between eight and fourteen percent. Some reasons for this lower than expected estimate would be the relative youth of the ASX CFD exchange, as spreads were found to be still relatively wide and liquidity was found to be lower than that expected as investors waited to see if the new exchange was a feasible proposition. The EGARCH(1,1) analysis at the index level in table four finds that volatility decreased 0.78% after the introduction of CFDs. Of further interest is the change in volatility after the ring-fencing of CFDs to their own separate exchange. In the period after the division of the ASX and ASX CFD exchange, volatility increased 3.55%. This result holds after mitigation international effects through the use of the Nikkei 225 and FTSE 100 indices in the mean equation. The results for the inclusion of CFDs are significant at the 10% level, while the results based on the withdrawal of CFDs are significant at the 1% level. These findings offer significant evidence that the initial inclusion of CFDs on the ASX exchange was associated with a reduction in volatility and there is evidence that this finding reversed after the ring-fencing. Volatility increased by 3.55% after the segregation of CFDs, with this figure adjusted for international crises effects. With CFDs accounting for eight to fourteen per cent of total exchange liquidity, this reduction may have caused volatility increases through a simultaneous decrease in liquidity. These findings may also be consistent with the hypothesis proposed in Ireland by the Irish Banking Commission's investigation into the collapse of Anglo Irish Bank. They found that an 'overhang' artificially manipulated market volatility through direct impacts on the bid and ask price of the traded equity. The results after the segregation of CFDs are also valuable, as an increase in volatility could also be associated with the relief of any CFD influenced 'overhangs' present in the market. The ASX exchange consists of over five hundred equities, but the ASX CFD exchange only includes the most liquid equities that are traded. On the ASX CFD exchange, there are fifty equities included. This paper includes thirty-five of the fifty due to data limitations and illiquidity that lead to the EGARCH models failing to provide significant results. Analysis of the period at the time of the introduction of CFDs in Australia in late-2002 at the equity-specific level proved to be implausible, as data only became available for Australian equities between late 2001 and early 2002. This lack of data resulted in failure of the EGARCH(1,1) methodology. But results could be inferred from the period of ring-fencing CFDs in 2007. Similarly to the ASX EGARCH methodology, the models are repeated on the individual equities to obtain volatility estimates through the γ coefficient. The resulting γ coefficient is designed in this manner to offer the percentage change in volatility between the two periods. Only the γ coefficients are included in table five, whereas the complete list of coefficients calculated by the EGARCH(1,1) methodology are found in Appendix B. In table five, thirty-one of the thirty-five equities demonstrated increased volatility after the creation of the ASX CFD exchange. The largest volatility increase occurred in Fairfax equity (258.3 percent), whereas the largest decrease occurred in CSR equity (-3.9 per cent). These results again indicate that the segregation of CFD trading to the ASX CFD exchange mostly resulted in an increase in equity-specific volatility.
The ASX CFD exchange was created to withdraw any potential effects that CFDs may have on the underlying ASX exchange. Its creation also aimed at providing additional benefits through improved transparency, increased market independence and a reduction in counterparty risk. The results of the index-EGARCH(1,1) methodology show that there was a reduction in Australian equity volatility after the arrival of CFDs, whereas there was a large increase in volatility after the segregation of CFDs to a separate exchange. At the equity-specific level, there was also a large increase in volatility in thirty-one of the thirty-five included equities after CFD segregation. These results provide evidence that cannot reject the presence of 'overhangs' in Australian equity markets. The results are consistent with Irish empirical evidence as reported by The Irish Banking Commission (2011) and Corbet and Twomey (2013) . The segregation of CFDs appears to have provided benefits to the standard equity market in Australia through the alleviation of CFD 'overhangs'. In terms of a cost benefit analysis, though the benefits of CFD transparency are significant, there have been some negative issues. There has been significant negative commentary based on the higher costs of operating the exchange, with these costs being passed to the investor due to higher broker's administration costs to comply with exchange clearing requirements. There are also limited products available due to the lack of liquidity on a majority of ASX equities. Mispricing has also found to be significant between the underlying equity and the CFD provided on the segregated exchange. In some instances, while the underlying instruments are liquid and heavily traded with a tight spread, the ASX CFD based on that instrument may have little or no liquidity and a wider spread. But as the presence of 'overhangs' cannot be rejected and the EGARCH(1,1) volatility estimates provide evidence supporting their influence, issues associated with the ASX CFD exchange may be outweighed by benefits on the standard ASX index as the withdrawal of CFDs have promoted increased market transparency and functionality.
VI Conclusions
This paper presents an analysis of the effects of CFDs on Australian equity markets since their introduction in late 2002 and subsequent withdrawal in late 2007. An EGARCH analysis is used to uncover volatility changes in the periods before and after the introduction of CFDs in Australia. In terms of liquidity effects, the volumes of CFDs traded are found to be in line with numerous international estimates. It is found that eight to fourteen per cent of total exchange activity is CFD related between 2008 and 2010, with some individual equities exposed to CFD trading volumes above fifty per cent in particular quarters. The EGARCH analysis indicates that the ASX was subjected to a decrease in volatility after the introduction of CFDs and an increase in volatility after the creation of the ASX CFD exchange. At the equity-specific level, thirty-one of the thirty-five equities investigated showed a similar increase in volatility after the segregation of CFDs. These results offer evidence supporting the presence of 'overhangs' stemming from market orders used in the hedging practices of CFD brokers. The volatility increase found after CFD segregation may in fact be associated with the alleviation of these 'overhangs' with the markets returning to a non-CFD influenced trading state.
In terms of policymaking, a lack of transparency found in the Australian stock market resulted in CFDs being ring-fenced to their own separate exchange in 2007. Other international CFDinfluenced anomalies include the resulting positions built in Anglo Irish Bank and the trading anomaly associated with VW in 2008. These anomalies have been associated with 'overhangs' which have been found to hinder standard market functionality. The findings of this paper cannot separate CFDs from a potential negative role in the Australian equity market. It appears that the decision to ring-fence CFDs may have been correct and does appear to have alleviated any price restricting characteristics that the product provides. Although there have been some negative effects associated with the creation of the exchange, such as inefficient liquidity and substantial cost, this paper finds that standard equity markets presented increased volatility after the segregation of CFDs, indicating that markets may have been alleviated of negative effects stemming from CFD 'overhangs'.
To gain a role as a standard international investment product, CFDs have to become more transparent. This is vital to their long-term success. Sources of market data should be obliged to segregate leveraged positions on Australian equities, along with all CFD stop losses and limit orders. Options and futures products have separate exchanges, even though their products are fundamentally established on the cash market, which provides full transparency so all effects can be viewed by informed traders. The overall findings of this paper indicate that CFDs should follow this template. 
